O

ERIC

Aruitoxt provided by Eic:

DOCUMENT RESUME

ED 464 838 - - SE 066 125

AUTHOR Tapia, Martha; Marsh, George E., II

TITLE Effect of Gender, Achievement in Mathematics, and Grade
Level on Attitudes toward Mathematics.

PUB DATE 2001-11-00

NOTE 20p.; Paper presented at the Annual Meeting of the Mid-South

Educational Research Association (30th, Little Rock, AR,
: November 14-16, 2001).
PUB TYPE Reports - Research (143) -- Speeches/Meeting Papers (150)

EDRS PRICE MF01/PCO01 Plus Postage.

DESCRIPTORS *Academic Achievement; Ethnicity; High Schools; Mathematics
Education; Middle Schools; *Sex Differences; *Student
Attitudes

ABSTRACT

The effects of gender, math achievement, and grade level on
attitudes toward mathematics were examined by use of an inventory, Attitudes

‘Toward Mathematics Instrument. Subjects were 803 bilingual, middle and high

school students. The data were analyzed using a multivariate factorial model
with four factors of Mathematics Attitudes as dependent variables
(self-confidence, value, motivation, and enjoyment of mathematics) and three
independent variables (gender, math achievement, and grade level). A two-way
significant interaction of achievement by grade level was found. The
interaction was found to be significant for value, motivation, and enjoyment
of mathematics at all grade levels. "A" students scored higher than all other
students on the 3 factors from 7th through 10th grade and in motivation in
students in 11th and 12th grade. For value, failing students were lowest in
7th through 10th grade. A similar relationship of letter grade to motivation
was found in the hierarchy for "B" to "D" students in 7th and 8th grade. For
enjoyment, failing students were lowest in 7th and 8th grade, "B" and "C"
students scored higher than "D" and "F" students in 9th and 10th grade, and
"A" and "B" students were highest in 11th and 12th grade. (Contains 30
references.) (Author/MM)

Reproductions supplied by EDRS are the best that can be made
from the original document.




ED 464 838

J

»

. Attitudes Toward Mathematics - 1

Running head: ATTITUDES TOWARD MATHEMATICS

a8 ‘ o N

PERMISSION TO REPRODUCE AND
DISSEMINATE THIS MATERIAL HAS
BEEN GRANTED BY

A TJoin

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC)

1

U.S. DEPARTMENT OF EDUCATION
Office of Educational Research and Improvement

EDUCATIONAL RESOURCES INFORMATION

CENTER (ERIC)

i cument hias been reproduced as
received from the person or organization
originating it.

O Minor changes have been made to
improve reproduction quality.

S

® Points of view or opinions stated in this
document do not necessarily represent
official OERI position or policy.

/

EFFECT OF GENDER, ACHIEVEMENT IN MATHEMATICS; AND GRADE LEVEL

ON ATTITUDES TOWARD MATHEMATICS

George E. Marsh I

Martha Tapia
The University of Alabama

Berry Collegg v

~ Paper presented at the Annual Meeting of the
' Mid-South Educational Research Association,

Little Rock, Arkansas
November 14-16, 2001

BEST COPY AVAILABLE



Attitudes Toward Mathematics 2

ABSTRACT

The effects of gender, math achievement and grade level on _attitudes towarci
mathematics were examined by use of ‘an inventory, Attitudes Toward vMathematics
‘Instrument. Subjects were 803 bﬂingual, ‘middle and hlgh school students. The data were -
' analyzed using a multivariate factbrial inodel with 4 factors of Mathematics Attitudes as
dependent variables (self-confidence, value, motivatibxi, and enjoyment of mathéﬁlatics) and3
indepéndent variables (gender, math achievement, and grade level). A 2-way signiﬁcaﬁt
interaction of ’ach'ievement by gréde level was found. | .The' interaction was found to be
 significant for value, motivation, and enjoyment of mathematics at all_ grade levels. “A”
studﬂents scored higher than all other students on vth(.a thréc factors fro_ni -7"‘ through 10™ grade
and in motivation in sfudeﬁts in il“’ émd 12® grade. For.value, failing studénts were lowe# in
| :7"’ through 10" grade. A similar relationship of letter grade to motivation was found in the
'hier'archyv' for “B to D” students in 7 and 8" grade..' For erijoyment, failihg students were
lowest in 7* and 8" grade, B and C students scored highef than D and F students in 9" and

10® grade, and A and B students were highest in 11*and 12" grade.
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Effect bf Gender, Achievement in Mathematics, an_'d Grade Level

on Attitudes Toward_Mathematiés

Intréduction

'The decline of x-nathematics‘sc'ores on the 'Scho'l'as_tic Aptitude Tgst has been widely

i publicized (Goldberg & Harvey, 19-233)._' The Third‘ International Mathematics And Science
Study (1 998), '_FIMSS, has reponéd that as Sfudents incréase m agé group from gfade four to‘

- grade twelve their math séorcs decline. Thgt presents a problem in bur'modem society that |
has 'become' inéreééingly dépendent upon technology, science, and rescar;:ll, matheﬁlatics has
‘become: critical in the preparation of sfﬁdenté for future careers a'nd‘ for the seéurity and
progress ofz the nation. There has been considerable concern abbut mathefnatics instrucfioﬁ
since tﬁe' "Spacc Race;' of the 1950°s, a coﬁ_ce_rn has only incfeased m the last decade as we
héve eﬁte;ed a new technological a'gef Mathematics is continuouély developing and becoﬁ;ing
ever mdfg specialized, which makes it more difﬁpult to dcvelop a»_curricﬁlum that vincl'udes-
more students in K-12 educatioﬁ. Compllicati'ng this is disagr'eenient about meth@dolOgy

. across éomént domains, with sot_ne. mainta_ining that content disciplines are unique ar_id that
teachmg S_ﬁategies must l.also .be' unique. The opposite view is _fhat mﬁvers_al methods exist
regardless of the «content domain _-(Reigeluth, 198’_/). ' HoWevér, .the. most predomigant
éppro'a_,ch in recenf yeé_rs, rega_fdleSs of fheéré’t_ical orientatiq;i of éur’ri(:uluin designers, 1s an’
| emphasis on authentic or ‘,"ll'eal-worl" ". applications. = This is further complicated. .by.

" professional disputes over constructivism versus direct instruction.
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Toda)';,.:classroom instruction is often a mixture of Skinnefian behaviorism and
Piagetian or Vygotskyian epistemology influenced by postmodern and conﬂeétionist theories
(Collins & Duguid, 1989; Bednar, Cunningham, Duffy, & Perry, 1§91; Shepard, 1991;
Hlynka & Belland, 1991; Claﬁcey, 1992).  The national standérds for mathematics are
predicated on the beliéf that students shoulci engage in math activities that are relevant to daily
living. HoWever, many educators and schéol paﬁons see this as a culmination rather t_han
something intrinsic to math instruction. lIn' recent years we have learned that children do not
simply hltefﬁalize -what teachers tell them m classrooms. Students attefnpt to make sense o‘f
new information based on rheanings they personally construct. And fundgmental to all of this
is the students' attitudes about mathematics.

Research shows that attitudes toward mathematics are extremely important in the
achievement and participation of ‘s'tudents in matﬁematics (Shashaani, 1995). Gallaghler'and
De Lisi (1994) éhowed - a pqsitiVe relafionship between perforr_nance on standardized
mathematics: tests and posﬁive attitudes toward mathematics. Attitudes can predict ﬁnal
.mathematics course grade and are corrclate& with continuation in advanced mathematics
courses once enrollment becomes optional (Thorndiké—Cb;ist, 1991). |

. Due to the 'soci'al chtg:xt and other intefvcning variables, diffcrences in attitudes exist
by ._ge'nder, ethnicity,'culmrél backgfound, and instructional methods (Murphy & Ross, 1990; -
" Hollowell & Duch 1991; Huagg, 1993; Leder, 1994). Recognizing the importance of
attifudes, there is an increasing 'awareneés of the.neéd‘ to examine atﬁtudés and cOnsidér
possible -metths of intervention, The aevelopment of a positive attitude toward subject

A matter is probably one of the most préval_ent edl.icationél'lgoals.- -

3
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Previous Research
| Math anxiety is directly related to previous school mathematics performance as vjvell as
 the .attitt_xdes developed during those prior mathematical experiences (Hau.ge., 1991).
Terwilliger and Titus (1995) reported attitudes are inversely related to _math.anxiety. Near_ly
as many students who decide tov‘ major in science, tnathematics, or engineering after their
sophombre year of co]lege as high school sopllomopes with similar intentions, indieating that
. attitudes can be affected (Hoffer, ,l993). It is clean that l(nowledge about the importance of |

' nlath is in_mpoxtant,‘as feported in The l,ongitudinal Study of American Youth (1991), which
-shonved_ that 28 percent of all senioré' who were not enrolled in a mathematics or science -
| course did not believe advanced Hmatllem.atics Was required for their future plans. Of the 12“‘-
.' grade students who planned to become sclentlsts, less than two-thxrds believed they needed
_ spec1fic advanced mathematics i in high school Among gt -grade students, 57 percent said
they looked fprward to mathematl_cs classes; 90 percent believed mathematics to be important
| to'theif ﬁltures. |
_ Selt’-cdnﬁdenCe or Iself-eﬁica_cy is a gOdd predictor of success in mathematics
(Goolsby, 1988 Randhawa et al. , 1993)). FChanges at the aﬁ'ectiv.e and 'achievement levels |
. _lhave more eﬁ’ect on partlclpatlon in mathemat1cs that those aimed at cogmtlve levels (Lmn &
Hyde 1989). Clearly, the suppOrt and actions of parents and»teachers are critical in shaping |
: attltudes (Kenschaft 1991; Dosse, 1992; Chang, 1990 | |
Attltudes toward mathematlcs may be related to achlevement and ab111ty in
‘_m'athematlcs but not to temperament or other person_allty vanables (Dwyer, 1993). Teachers‘

: attitudes_are significantly related to student attitudes but not to achievement, but the effect of -
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teachers' attitudes on students' attitudes is cumulative. _Students make higher achievement
gains if they had a sequence of 3 teachers With favorable attitndes towards mathematics.

" The cultural context is important in creating gender differences (Arnerican Association
of University Women, 1992; Hanson, 1992; Gill, 1994). Stndents stereotype .careers .by _
gender and consider science professions to be for males; however, neither bosls nor girls are
avtzare of the importance of math and science in ,careers (Pettitt; 1995.). Stipek and Granlinski
| (1991) found that girls tend to beheve that females are 1nfer10r in math and that poor
performance is because of a lack of ab1llty mstead of lack of effort. Whlle the literature -
shoWs that attitudes toward mathematics are important, there is a paucity of research about the
different factors that influence the at'titudes thard mathernatics or an understanding of how
and why th’ey- change over time. b'

| | | . Method

The sub]ects ‘were 803 mlddle and high school students from a private, bilingual
college preparatory school-in Mexico City,l Mexico, accredited by The Southern Association
- of Colleges and Schools. lhe'high school has approximately 720 studentS' each grade has
'_ | approxrmately 180 students. The mlddle school has approxxmately 450 students each grade :
has 150 students. The students are b1lmgual, speakmg English and Spamsh. The school
.populat1on consists of Mexrcans, Mexican-American (born .in Mexico- with at least one
American parent), Amencans (children with- parents workmg for mtemat1onal companies of )
for the Un_ited States Embassy), and other nano'nalmes (children with parents working for
lnternational companies or different errlbassies).- Most of the st_udents'Were from high?income

families. Four hundred thirty seven subjects were boys and 366 subjects were glrls from 7" to .
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12““ 'grade. The subjects were enrolled in mathematics classes conducted by ten mathematics
teachers Intact classes were used in the sample. |

Of the 437 boys, 141 were in 7*® or 8® grade 157 were in 9™ or 10® grade, and 139
were in 11th or 12th grade. Frﬁy-two percent of the boys were Mexrcan, 15% were Amerrcan,
14% had dual crtrzenshrp (having one American parent), 8% were from Latin American
countries, 2% ‘were Europeans, 5% were Asian, and 5% reported other natronahtles Four of
the boys d1d not report their ethmc background Of the 366 girls, 125 were in 7™ or 8" grade,
131 were in 9% or 10% grade, and 110 were in 11th or 12th grade. Flﬁy-two percent of the grrls
were Mexican, 16% were Amerlcan, 15% had dual crtrzenshlp (having one American parent),
- 6% were ﬁom Latm Amencan countnes, 1% was European, 5% were Asian, and 5% reported
other natronahtles Two of the glrls d1d not report their ethnic background.
Matenals | | |

The Attltudes Toward Mathematlcs Inventory (ATMI) is a 40-rtem scale. The items
uvere constructed usmg ‘a Likert-format scale of five alternatives for the responses with
| anchors of 1: strongly dlsagree, 2: dlsagree 3: neutral, 4: agree, and 5: strongly agree. Eleven
' rtems of thrs mstrument were reversed items. These items were given the approprrate value
for the data ana1y31s The score was the sum of the ratmgs '

A Student’s Demographrc Questronnarre was also used. This questlonnalre consisted
"of five questlons The purpose of these questlons was for identifying the gender, grade level,

| current grade in mathematlcs and natronahty-ethmc background of the student
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Procedure
The mathenlatics teachers adm'inistered the ATMI and the Student’s De_mographic | J

Questionnaire to the subjects dnring their classes. Directions were provided in written form,

and stndents recorded their responses on computer scannable answer sheets.

Results -

Tapia (1996) fonnd a four-factor solution ﬁrom-an e)rploratory factor analys.is-with_
maximum hkehhood method of extraction and a vanmax, orthogonal, rotatlon The names
for the factors reported in Tapla (1996) were Self-confidence, Value of Mathematxcs
Enjoyment of Mathematics, and Motlvatlon. Based on that factor analysis, the 40 items were
classiﬁed into four categories-each of which was represented by a .factor., A composite score i
for each cate'gory was calculated byl addmg up all the numbers of the scaled responses to the
items belongmg to that category | | |

The data were analyzed by using multlvanate factorial model with the four factors as
dependent vanables: ¢)) Self-c,onﬁdence , (2) Value, (3) _Enjoyment, and (4) Motivation and
three independent variables: .(1) éender, ) grade level, and (3)lachievement in mathematics
class. Multivariate analysis of variance (MANOVA) were performed by using SPSS.

The linear .rnovdel was w’ritten as.,v |
SC VAL ENJ MOT = G +GLV + ACH + _G*GLY# G*ACH + Gl,V*ACH' + G*GLV*ACH
" SC=Selfconfidence
| VAL = Value of mathematlcs : |

| ENJ En_]oyment of mathematlcs v |

MOT = Motlvatlon
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G= Gender
" GLV = Grade level

ACH = Achievement in mathematics class

Data were analyzed testmg for interaction effect and main effect at the .05 level. Data
| analysis mdlcated that the three-way interaction effect of the three var1ables G*GLV*ACH on
the four dependent var1ables Self-conﬁdence Value Enjoyment, and Mot1vat1on was
msrgmﬁcant (Wilks’ Lambda F—— 958 p< 54) Hence it was concluded that there was not
enough evidence to mdlcate a three-way mult1vanate interaction.

The analysis showed that the two-way mteractlon effect of .GLV*ACH was
' slgniﬁc_ant as were the main effect of gender, grade level, and achievement. Table 1 shows F, |
o R and eta squared values for the’ interactions and the mam effects. The eta squared values for
Gender Grade level, and GLV*ACH had small eﬁ'ect 51zes, and the eta squared value for
Achrevement had a medlum effect size. The GLV*ACH interaction was dlsordmal and
therefore the s1gmﬁcant main effects were not further analyzed. Table 2 shows that the
interaction of gradel lev‘el by achievement was _significant for value, motivation, and o
enjoyment of r_nathematics.‘ o
The grade level -by aehlevement interaetidn effect was analyzed usmg a simple main

' effects analyS1s for value, mot1vat1on, and enjoyment of mathematlcs Table 3 shows that
Achlevement levels mﬂuenced value mot1vatlon, and enjoyment at all grade levels The F-
tests the effect of letter grade. ThlS test is based on the lmearly independent pa1rw1se.

c'omparison_s-among the estimated marginal means.
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Table 1

Interaction and Main Effects Tests for SC VAL ENJ MOT = G + GLV + ACH + G*GLV +

(GYACH + GLV*ACH+ G*GLV*ACH |
Effec"( -~ Value '- F. Hypothesis-df ’-Er‘rordf -Sig. Eta SQu#ed '
G oM s 4000 770000 001 023,
ey 9 4587 8000 1540000 000 023
ACH 685 19.410_".' 16000 - 2353.026 .ooo' 90
G*GLV B 984 1571 8000 1540.000 ~ .129 . 008
‘.'G* ACH   .1969 1514 16.000 | 2353.026 086 008
GLVSACH 928 1830 32000 2841215 003 019

GLV*G*ACH 961 958  32.000 2841215 535 010

| Table 2

_ Grade Level by Achievement Interaction Tests of Between-Subjects Effects

TypéIlISum ) , S ‘ o
of Squares ~ df Mean Square  F Sig. ~ Eta Squared

| SELFCONFIDENCE 1378107 .~ 8 72263 1639 .10 017
VALUE 1000144 8 125018 3328 010 .03
MOTIVATION ~ 895268 § ~ 111908 2075 .03 .02

' ENJOYMENT 284600 '8 35575 2830 . .048 © 020

Ké

il
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Table 3

" Univariate Tests of Simple Eﬁ‘ects of Achievemer_lt w1thm Grac_ie Lével

. GRADELVL SourCé ~ SumofSquares  df = Mean Square F ~ Sig.
| Dependenf Variable: .VALUE- o
75_8% . Contrast  1004.886 4 251222 6.646 000
- Emor 29784691 788 37.798
9"-10"  Contrast  1691.907 4 422977 - 11191 .000
Emor  29784.691 788 37798
1112 Contrast  807.086 4 201.772. 5338 .000
~  Bror 29784691 788  37.798 |
' Dependent Variable: MOTIV | o
7588 - Contrast 3495416 4 873854  16.056 .000
. Bmor 42888045 788 54426 |
9% _10%  Contrast ~  3969.059 4 992265 18231 .000
 _Emor 42888045 788 54426 |
11"-12%  Contrast  2071.687 4517922 9516 .000

Brror - 42888045 - . 788 54426
Dependent Vaﬁable:'ENJOY ' o

708" Contrast o812 4 202.783  10.798 ".000
 Emor 14798.447 788 18780 -
o"_10®  Comtrast = 1442177 4 360544 19199 .000
©_ Emor 14798447 788 . 18780 - . .
11%-12% Contrat 648778 4 162194 8637 .000

CBmor . 14798447 - 788 - 18780

a2
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" The signiﬁcant_simple rnain effects of achievement were further analyzed by pairwise
comparisons. Table 4 shows estir'nated marginal means of | value, motivation,: and enjoyment
for achrevement w1th1n grade level. .‘ | |

For students in 7th - g® grade “A”students scored hxgher in Value than all other
students and falllng students scored s1gmﬁcant1y lower than all other students For students in

9t _ 10* grade “A”, students scored hlgher in Value than all other students, fallmg students

. scored significantly lower than all other students, and “C” students scored s1gmﬁcant1y hrgher

than “D” students. »“A” and “B” students in 11" — 12 grade scored s1gmﬁcantly higher in
Value than “C” students in the same grade level.
In motrvatlon, “A” students in 7th 8" grade scored hlgher than all other students in .‘
" the same grade level For students in 7th - 8‘h ,a similar relat10nsh1p of letter grade was found
in the h1erarchy for “B to D” Students in motlvatron For students in 9th . 10th grade “A”
students scored hlgher than all other students and fallmg students scored sxgmﬁcantly lower
' than all other students For students in lld’. - 12th grade, “A” and “B” students scored hlgher |
than all other students and “A” students scored h1gher than “B» students -
| ~ For students in 7" - 8th grade, “A” students scored hlgher in en_]oyment than all other ..
‘students and fmhng students scored s1gn1ﬁcantly lower than all other students For students 1n v
g% 10th grade, “A” students scored higher in enjoyment than all other students, and “B” and_ .
“C” students scored hlgher than “D” and “F” students For students in 11th 12“‘ grade “A”

and “B” students scored h1gher than all other students _. ,
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Table 4
Estimated Marginal Means
| - VALUE MOTIVATION ENJOYMENT
P A 428075 366106 18078
B 40.0289 3209539 | 15.5435
C o9 293631 143810
_D. 37.7500 O asi667 13.3333
P 202500 . 160000 - 7.0000
of_10® A 412587 31702 18.9172
| B 374188 31520 5718
C 3s2s5 0 304556 19232
‘D mew 2908 124912 |
Foo 205341 | 2075 10,0568
HP-12 A 405436 - som8  17.6349
B 399791 - 33812 175317
C 360126 286780 147626
D 381875 297361 | '14.3-1‘9_4'_
F 372500 Coreser . 127083
o 'Conélﬁsions

'The multivariate data ém_alysis_ ,indicatéd that the three wéy interaction effect of the
three variables Grade Le\_'el*Gender*Achievement to the four dependent variables Self-

confidence, value, enjoyment, and motivaﬁon was insignificant. The data suggested that there _

i4




Attitudes Toward Mathematics - ‘14

was enough evtdence to say that the two-way interaction effect of Grade Level*Achievernent '
was ’signiﬁcant, as were the main effect of gender, grade leveI,A and achievement.
| The Grade Level* Achievement was analyzed and found to be signiﬁeant for value, '
motivation, and enjoyment. The grade level hy achievement interaction effect was analyzed
using a s1mp1e main eﬁects analys1s of achievement within achlevement for value
- motivation, and enjoyment of mathematics. Achlevement levels influenced value, motlvatlon,
and enjoyment at all grade levels. - |
| The significant simple main effects_- of aehieuement were further analyzed' by pairwise
comparison using the Sidak adjustment for multiple comparisons. There was enough
evidence to show that “p” Students scored hlgher than all other students on the three factors
from 7 through 10 grade and in motlvatlon in students in 11" and 12" grade For value,
farlmg students were lowest in 7t through 10" grade. A smlar relationship of letter grade.to
motivation was found in the hierarchy for “B to D” students in 70 and g" grade. For '
enjoyment, fallmg students were lowest in"}“’ and 8" grade, B and C students scored higher
than D and F students in 9" and 10" grade, and-A and B students were highest in 11" and 12®
erade. - | ) | -
Itis important to note that the subjects in this study were atypical because they all
attended a prlvate school, were from pnvrleged backgrounds and from high soclo-economlc_
. famrhes The school was patterned on an Amencan hlgh school curriculum and orgamzatlon,
hut the majonty of students were Hlspanlc_ and A_there_were far fewer. Anglo and Asian -

‘students;' ,
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Applications and Implications

While there is a widespread concern about the performance of students in |
' .mathematics most attention to the subject has been in the form of higher expectations, testmg |
_programs and revised -methodologies such as the NCTM standards that have provoked
considerable controversy Clearly, there has been msufﬁclent attention to the attitudes of
students about mathematrcs, although there has been much attention to. their performance,
errors and test scores. Asa polrtical or pedagogical issue, 1mprovement is often debated as : :
s1mply matter of methodology Rather than only concentratlng on changlng the textbook or
‘the approach, perhaps there are more 31gmﬁcant and subtle factors mherent in the attitudes of -
' students themselves that must be more senously mvestigated and taken into account..

If a student's self-percelved ability is cr1t1ca_l to success_and a predictor of f_ailure or’
achievement, then c.oncern- about students' attitudes must be elevated. Much more needs to be |
learned about how attitudes are formed'and "altered, and the best techniques for intervention
and stimulation of posmve self-efﬁcacy Consequently, much more must first be done in the
development of valid and reliable mstruments to conduct the necessary research. Bandura-
, (1981) argued that judgments of self-eﬁ'tcacy are task spec1ﬁc makmg them better predictors,'
of success in a particular domain. Therefore, contmued research in the area of attitudes toward
math is essentral if students are to be understood and attitudes altered The use of a valid and '
- rehable mstru:ment for makmg determmatlons about attitudes is a requrrement for such

research.‘
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